T t r a p = 8 . 8 K t t r a p = 2 5 0 0 m s Figure S1 : Mass spectrum of the ion trap content after storing mass-selected C 3 H + for 2500 ms and applying a 150 ms long pulse of Ne:He (1:3) at a nominal temperature of 8.8 K, ions were let into the trap for 100 ms at the beginning of the cycle. Small contaminations of H 2 in the gas pulse lead to the formation of C 3 H + 2 and C 3 H + 3 . Spectroscopic experiments were performed by monitoring the depletion of the m = 57u, C 3 H + -Ne mass channel. N e -C 3 H 2 + Figure S3 : Mass spectrum of the ion trap content after storing mass-selected C 3 H + 2 for 2500 ms and applying a 150 ms long pulse of Ne:He (1:3) at a nominal temperature of 8.2 K, ions were let into the trap for 50 ms at the beginning of the cycle. Small contaminations of H 2 in the gas pulse lead to the formation of C 3 H + 3 . Spectroscopic experiments were performed by monitoring the depletion of the m = 58u, 
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The Z-Matrix of H 2 C + 3 (C 2 v), optimized at the CCSD(T) level of theory with the cc-pCVTZ basis set is reported in the following. Bond lenghts in Ångstrom, angles and diedrals in degrees. Ne attachment to linear C 3 H + In order to better understand the interaction of the neon atom with the ion and its eect on the vibrational spectrum, we performed a scan of the Ne C 3 H + potential energy surface by optimizing the distance between the neon atom and the central carbon varying the angle dened by the neon atom, the central carbon and the hydrogen atom and keeping every other geometrical parameter xed. The same analysis was repeated for helium and argon.
C3H2+ Carbene
All the computations were carried out at the CCSD(T)/cc-pVTZ level of theory, using the frozen-core approximation. The results, reported in gure 4 of the main manuscript, show that there are two minima: a global one, corresponding to a linear structure with the neon atom close to the hydrogen atom, and a bent structure. Similar results are obtained for helium and argon.
The structures corresponding to both minima have been further optimized at the CCSD(T)/augcc-pVTZ level of theory (frozen core) relaxing all the geometrical parameters and Harmonic frequencies have been computed in order to estimate the shift due to the rare gas atom.
The results are reported in Table S3 : Harmonic frequencies for the C 3 H + ion and the two complexes with helium, neon and argon described in the text computed at the CCSD(T)/augcc-pVTZ level of theory (frozen core). The shifts are reported in parentheses. Frequencies in cm −1 . The frequencies labeled as ν 6 and ν 7 refer to the Ne-ion vibrations; the latter is doubly degenerate for the linear complex. 118 125 (7) 118 (0) 135 (17) 118 (0) 145 (27) ν 5 118 125 (7) 121 (3) 135 (17) 127 (9) 145 (27) (2) 1174 (1) 1176 (3) 1174 (1) 1178 (5) The ground state for the cyclic C 3 H + 2 is a totalysmmetric 2 A 1 doublet. Such a state is well represented by a single determinant and a standard CC description can be successfully employed. The harmonic frequencies and intensities, computed at the CCSD(T) level of theory with the cc-pCVQZ basis set and correlating all the electrons are reported in table S9. There are two Fermi resonances, between the overtone 2ν 6 and ν 2 and between the overtone 2ν 2 and ν 1 . The results reported in the tables take this into account. Table S7 : Anharmonic frequencies and intensities, including fundamental frequencies and all overtones and combination bands more intense than 0.1 km/mol up to 4000 cm −1 , for C 3 H + 2 (cyclic isomer), computed at the CCSD(T)/cc-pCVQZ level of theory and by using second order vibrational perturbation theory for the anharmonicity. Frequencies in cm −1 , intensities in km/mol In order to better understand the structure of the cyclic C 3 H + 2 Ne complex, we performed a scan of the potential energy surface by optimizing the distance between the neon atom and the center of the ion varying the two angles that dene the position of the neon atom in a spherical reference system and keeping every other parameter xed. The denition of the two angles θ and φ can be deduced from the sketch in gure S5. Figure S5 : Denition of the polar and azimuthal angles used for the potential energy surface scan of the NeC 3 H + 2 complex.
The scan was performed at the CCSD(T)/cc-pVTZ level of theory using the frozen-core approximation; the results are displayed in gure S6.
There are three minima on the PES: 90,60: the neon atom lies in the molecular plane, on the C-H axis. This is the global minimum. Figure S6 : Energy as a function of the two angles that dene the position of the neon atom with respect to the origin, which has been xed in the center of the ion. The distance between the neon atom and the origin was optimized at the CCSD(T)/cc-pVTZ (frozen core) level of theory for each value of the (θ, φ) couple.
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A full geometry optimization of the three conformers has been carried out at the CCSD(T)/augcc-pVTZ (frozen core) level of theory. Harmonic frequencies are being computed for the three optimized clusters, which resulted in only the (90,60) one being a minimum. The harmonic frequencies can be used in order to provide an estimate of the frequency shifts due to the presence of the noble gas. Such frequencies, computed with and without Neon, are reported in Table 4 of the main manuscript.
Harmonic EOM-IP-CCSD calculations of linear C 3 H + 2
The ground state for the linear isomer of C 3 H + 2 is a two-fold degenerate 2 Π g doublet. Such a state can not be well described with a single-reference method, as the minimal description of its wavefunction requires two equivalent determinants, where the π g,x or the π g,y orbitals are occupied, respectively. Any attempt to use a single-reference method, and thus a single HF determinant, would give rise to a symmetry-broken solution. Thus, we employed the equation-of-motion ionization potential (EOM-IP) CCSD level of theory, describing the 2 Π g by removing one electron from the C 3 H 2 3 Σ − g state, which is on the contrary well represented with a single conguration. The π bending modes of C 3 H + 2 exhibit Renner-Teller splittings.
We computed the harmonic frequencies of such modes by computing separately the vibrational frequencies for the two components of the 2 Π g state, namely, the one that transform as B 2g and B 3g , respectively, in the D 2h subgroup. For each π mode, we select one harmonic frequency from the B 2g state and one from the B 3g state: their dierence gives an estimate, at the harmonic level, of the Renner-Teller splitting.
The harmonic frequencies and intensities of the bending modes, computed at the EOMIP-CCSD level of theory with the cc-pVQZ basis set (frozen core) are reported in table S8.
To account for anharmonicity in the stretching bands, anharmonic calculations at the same level of theory were performed, assuming that the stretching is in large part decoupled from the bending. Still, contributions to the anharmonic force eld due to the bending modes are included. The averaged anharmonic frequencies of the stretching bands are included in S-16 Table S8 . Table S8 : Harmonic frequencies for the bending and anharmonic frequencies for the stretching bands, as well as harmonic intensities for C 3 H + 2 (linear isomer) computed at the EOMIP-CCSD level of theory. Frequencies in cm −1 , intensities in km/mol. Renner-Teller split modes are indicated with the same frequency number, with and without apex, respectively. Their symmetry is also marked as π(x) and π(y), respectively.
Mode Symmetry Frequency (harm.) Intensity
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Harmonic and anharmonic calculations of C 2v C 3 H + 2 ν 4
x 4
S-24 S.5 (Multi-component) Gaussian ts for band position determination of the experimental IRPD spectra of C 3 H + 2 -Ne Figure S12 : Experimental IRPD spectrum of C 3 H + 2 -Ne in the FEL-2 range and (multicomponent) Gaussian t to the data providing the band positions, widths, and relative intensities given in the main manuscript. Note: whereas the t was done in depletion cross section per J, the values in the main manuscript are scaled to be in units per photon.
